Limited health literacy is common in the United States and associates with poor clinical outcomes. Little is known about the effect of health literacy in patients with advanced kidney disease. In this prospective cohort study we describe the prevalence of limited health literacy and examine its association with the risk for mortality in hemodialysis patients. We enrolled 480 incident chronic hemodialysis patients from 77 dialysis clinics between 2005 and 2007 and followed them until April 2008. Measured using the Rapid Estimate of Adult Literacy in Medicine, 32% of patients had limited (Ͻ9th grade reading level) and 68% had adequate health literacy (Ն9th grade reading level). Limited health literacy was more likely in patients who were male and non-white and who had fewer years of education. Compared with adequate literacy, limited health literacy associated with a higher risk for death (HR 1.54; 95% CI 1.01 to 2.36) even after adjustment for age, sex, race, and diabetes. In summary, limited health literacy is common and associates with higher mortality in chronic hemodialysis patients. Addressing health literacy may improve survival for these patients.
The worldwide epidemic of kidney disease continues to grow in parallel to chronic conditions such as diabetes, hypertension, and obesity. 1 In the United States it is estimated by 2020 there will be more than 750,000 people with ESRD, and on the basis of current practice 68% will be treated with hemodialysis therapy. 2 Kidney disease is the ninth leading cause of death in the United States, and despite advances in dialysis technology and treatment of associated conditions such as anemia, mineral metabolism, and malnutrition, mortality risk, both cardiovascular and noncardiovascular, of chronic hemodialysis patients remains high-8 times greater than people in the general population. [2] [3] [4] Early identification of hemodialysis patients with a higher risk for death is critical to customize therapies needed to reduce this risk, and identification of novel risk factors may guide new approaches to care delivery.
In the United States, 90 million people are estimated to have basic or below basic literacy skills. 5 Health literacy, or the "ability to obtain, process, and understand basic health information to make appropriate health decisions about one's health and medical care," 6 has been associated with many health outcomes and characterized as contributing to disparities in health care. Limited health literacy has been associated with lower patients' knowledge of complex diseases, less self-care behaviors such as medication adherence, and also poorer clinical outcomes such as glycemic control in patients with diabetes. [7] [8] [9] Recently, it was suggested that health literacy may be an important factor in the care of patients with kidney disease. 10 There is little research characterizing health literacy, and examining the relationship between literacy and health outcomes, in patients with kidney disease. With an estimated 26 million people in the United States with chronic kidney disease, 11 it is important to identify and establish all possible factors related to kidney disease progression, and to premature death in patients with advanced kidney disease. The objectives of this study were to characterize the prevalence and associated patient characteristics of limited health literacy, and to examine the risk of all-cause mortality by health literacy level in patients initiating chronic hemodialysis (HD) therapy.
RESULTS
In 480 incident chronic hemodialysis patients, the median age was 62.0 (interquartile range [IQR]: 51.0 to 72.0) years, 56% were male, 52% were white, and the median number of years of education was 12.0 (IQR: 11.0 to 13.0) ( Through April 2008, there were 103 deaths (21%), 29 (6%) received a kidney transplant, and 18 (4%) were administratively censored because they were no longer cared for at a participating dialysis unit. Kaplan-Meier estimates of survival showed a higher risk of death in incident HD patients with limited health literacy compared with adequate health literacy ( Figure 1 ). There is a significant difference in survival rates between the two groups (log-rank test: P ϭ 0.029). Unadjusted Cox proportional hazard regression analysis showed that patients with limited health literacy had a risk of death 54% Several clinical laboratory measures are recommended as important target goals for optimal care and reduction in mortality risk for chronic HD patients, including dialysis adequacy (Kt/V), anemia, and bone-mineral assessments. 12 Although there was a difference in baseline serum albumin by health literacy, there was no significant difference by health literacy level in the laboratory measures of Kt/V, hemoglobin, transferrin saturation, phosphorus, calcium, calcium-phosphorus product, or intact-parathyroid hormone at 3, 6, or 12 months after dialysis initiation. Additionally, there was no difference by health literacy level in the change of Kt/V, hemoglobin, phosphorus, or intact-parathyroid hormone over this period ( Figure 2 ).
DISCUSSION
Limited health literacy is common in patients initiating chronic hemodialysis therapy. Similar to other studies, participants in our sample who are male, who have fewer years of education, and who are of non-white race were more likely to have lower health literacy skills. To our knowledge this is the first study to examine the effect of health literacy on mortality risk in a cohort of patients recently initiated on hemodialysis. We found that lower health literacy is moderately associated with a higher risk of death and may be an important contributor to mortality in this high-risk patient population.
The prevalence of limited health literacy in our study is similar to that described in other, smaller studies in patients receiving dialysis, 13, 14 and also reflects findings similar to the general population. Because patients were administered the assessment of health literacy if they were suspected of having limited skills, then it is possible that this may be an overestimate of limited health literacy for the entire population of patients receiving chronic hemodialysis. The prevalence of limited health literacy among patients with less advanced chronic kidney disease remains unknown. Predictors of limited health literacy in hemodialysis patients, such as education and race, are similar to those in patients with other chronic diseases. 15 Limited health literacy, potentially the result of limited access to health information and care, may be a significant barrier for patients to learn about their disease and may in part explain the racial disparities observed related to less knowledge about dialysis care. 16, 17 Health literacy has been associated with mortality in older patients within the general population. 18, 19 There are several possible mechanisms where a patient's literacy level may influence their health and mortality, such as increased knowledge about their disease, improved communication with their providers, and ultimately, greater self-efficacy and effective selfcare related to kidney disease. 10 Reading comprehension and health literacy may correspond to the self-care demands that are required in dialysis care, including adherence with complex medication and dialysis schedules, and following specific dietary recommendations. Greater patient dialysis knowledge may improve phosphate control, adherence to dialysis pre- CLINICAL EPIDEMIOLOGY www.jasn.org scriptions, and type of dialysis access used. 16, 20, 21 Print materials are commonly used to educate patients regarding self-care recommendations; however, many materials do not follow clear communication guidelines and are written at high reading levels, which may present a learning barrier for patients with limited health literacy. 22 It has been previously suggested that evaluations of health literacy and a patient's reading ability may simply be a measurement of cognitive function, and therefore, it is poor cognitive function that is associated with a higher risk of mortality and not specifically health literacy. 23, 24 In a large international cohort of hemodialysis patients, a diagnosis of dementia has been shown to be associated with a 1.8-fold increased risk of death among incident patients and a 1.4-fold increased risk of death among prevalent dialysis patients. 25 It is a limitation of this study that we do not have a specific measure of cognitive function. However, a previous study of 3260 community-dwelling older adults showed that both cognition and health literacy independently were significantly associated with mortality risk. 26 It has been previously recommended not to adjust for educational attainment because of concerns about possible high collinearity between education and health literacy, and overfitting statistical models. 27 Despite these concerns, years of education is the only proxy of cognitive function available in our study, and our findings remained similar.
Another consideration may be that patients with low heath literacy may be more likely to have more severe comorbid conditions that are in worse control compared with patients with adequate health literacy levels. This has been suggested in previous studies where patients with lower health literacy had worse glycemic control, 9 more hospitalizations, and less participation in preventative health care such as cancer screening and vaccinations. 7 In our cohort at enrollment, patients with lower health literacy did have a small, but significantly, lower serum albumin level. Although we adjusted for this difference in our analyses, the etiology of the lower serum albumin was not determined in this study. It may reflect several possible pathways, including higher levels of inflammation or malnutrition in patients with lower health literacy, that were not accounted for in this study. We did, however, evaluate other clinical assessments over time that have been associated with mortality risk including dialysis adequacy, anemia, and bone-mineral metabolism and none of these were found to differ by literacy level in this study. Therefore, despite similar laboratory quality measures patients with lower literacy were still more likely to die, suggesting that other areas of care need to be addressed to further reduce mortality risk in hemodialysis patients.
A known risk factor associated with higher mortality risk is presenting late for nephrology care before the initiation of dialysis therapy. 28 It may be that patients with lower health literacy are less likely to be aware of their kidney disease, are less likely to be referred for nephrology care, and therefore present late for dialysis initiation. In a study of primary care patients who all either had or were at high risk of chronic kidney disease, low health literacy was independently associated with a low perceived susceptibility to chronic kidney disease. 29 Our study is limited as we do not have a measure of nephrology care before initiation of dialysis, although it may be suggested that predialysis care may have been inadequate regardless of health literacy as the majority of patients initiated dialysis using a catheter rather than a permanent arteriovenous access.
Several other limitations to this study should be noted. First, there may be residual confounding variables related to health literacy and mortality in hemodialysis patients, such as comorbid conditions other than diabetes mellitus, which were not measured in this study. For example, the type of dialysis access used over the history of a patient's dialysis therapy may have an effect on mortality and may be associated with health literacy. We did not have this information available to include in this analysis. We did, however, adjust for serum albumin as a marker of overall nutritional status as this variable has been previously demonstrated to be associated with mortality in patients receiving hemodialysis. 30 -32 These adjustments had little effect on the association between limited literacy and higher risk of death in this study. Second, this study enrolled incident hemodialysis patients who were English-speaking and who were determined to be eligible for participation in an education and disease management program. Therefore, these findings may not be generalizable to all dialysis patients. Patients who do not speak English may have significant challenges navigating the health care system, 33 including dialysis care, and further study is needed in this at-risk patient population.
Although health literacy appears to be an important predictor of poor health behaviors and outcomes, addressing health literacy is not the responsibility of patients but rather that of the multidisciplinary system of health care delivery. Several recent randomized trials of literacy and numeracy-sensitive interventions indeed suggest an improvement in diabetes mellitus, congestive heart failure, and depression care. 34 -36 Dialysis units and providers can improve communication to all patients by evaluating their practices to use clear communication strategies and to consider addressing health literacy in educational print materials as well as via oral communication. 37 
CONCLUSIONS
Our findings illustrate that limited health literacy among hemodialysis patients is common and is associated with a higher risk of death. As suggested by previous studies, limited health literacy may also be associated with other potentially important outcomes such as hospitalization, access to transplantation, and quality of life. Addressing health literacy may be an important avenue to ensure delivery, interpretation, and application of key clinical recommendations by patients to improve health outcomes in the care of those with complex kidney disease.
CONCISE METHODS

Setting and Study Participants
In this prospective cohort from May 2005 to February 2007, 2325 incident chronic HD patients were enrolled in a multidisciplinary case management program 38 at 86 dialysis units from across the United States. Patients were selected if they were age 18 years or older and determined to be eligible to participate in a patient education program by local nephrology clinical care staff. Exclusion criteria included seasonal or transient patients, and those with a known diagnosis of severe cognitive impairment, or dementia, with the majority being nursing home residents. Also, patients who were non-Englishspeaking were excluded from this cohort. Participants were then followed until April 30, 2008 . Health literacy was measured in patients where low health literacy was suspected by the case manager of the facility program, for example, when patients exhibited difficulty completing enrollment tasks. This study includes participants who remained on chronic hemodialysis (i.e., did not recover kidney function) and who were enrolled in the case management program within 90 days of dialysis initiation.
The Institutional Review Board of Vanderbilt University Medical Center approved this as an exempted study as all data were pre-existing in the clinical record before analysis.
Measures
Within 1 month of initiating hemodialysis, all baseline measures included in this study were collected. Participant demographic information was collected from the electronic medical record. Health literacy was assessed by trained clinical staff using REALM, a wellvalidated measure of reading ability that correlates with reading comprehension. 39 Health literacy assessment was performed in a private clinic space either before, during, or after dialysis as preferred by the patient. Date of death was determined by the reporting of the individual dialysis units in the electronic medical record. Additional possible reasons for discontinuation of hemodialysis, such as transplantation, were also determined from the medical records. Clinical measures including hematocrit, serum albumin, phosphorus, transferrin saturation, and intact-parathyroid hormone were collected from the medical record at enrollment and 3, 6, and 12 months after hemodialysis initiation.
Statistical Analysis
Descriptive statistics of patient characteristics including health literacy level were performed and presented as either median (interquartile range) or proportion of the total patient population. We examined hemodialysis patient characteristics by comparing limited health literacy (REALM score 0 to 60: Ͻ9th grade reading level) to adequate health literacy (REALM score 61 to 66: Ն9th grade reading level) using proportional odds regression analyses. This allowed for determination of both unadjusted and adjusted associations between patient characteristics and health literacy. These analyses were then further adjusted for age, sex, race, education, diabetes mellitus status, marital status, body mass index, and either baseline hemodialysis adequacy (Kt/V) or serum albumin level.
Kaplan-Meier estimates of survival were compared by health literacy level. Log-rank test was used to determine statistical significance between the two groups. Cox proportional hazard regression analyses, adjusting for age, sex, race, and either serum albumin or Kt/V, were applied to describe limited health literacy and its association with the risk of death. These variables were selected based upon an a priori determined model and an evaluation of patient characteristics associated with limited health literacy. A sensitivity analysis was performed, adding years of education to the model, although it has been previously suggested not to adjust for education given its strong correlation with literacy and risk for overadjustment. 27 Survival time was calculated from the date of entry into the cohort until death or last date of available follow-up data (April 30, 2008) , when the patient was censored if they were alive. Patients were also censored if they received a kidney transplant, or were lost to follow-up because of a change in their dialysis unit. Literacy was quantified as both binary using an a priori defined cut-off level (Ͻ9th grade reading level versus Ն9th grade reading level) as this level has been previously demonstrated to affect health outcomes in diabetes, 37 and also as a continuous variable based on the raw score of the REALM (range 0 to 66). Nonlinearity of the relationship between continuous REALM score and risk of death was examined and not observed in this analysis. Multiple imputation methods 40 were used for missing values of race, albumin, and Kt/V. Because albumin was measured at 3, 6, 9, and 12 months in addition to baseline, we performed a sensitivity analysis modeling albumin as a time-varying covariate in the Cox regression. Results of this analysis remained similar to the main analysis (HR [95% CI]: 1.16 [1.05 to 1.29]; P ϭ 0.005 for the effect of literacy). We also conducted a sensitivity analysis controlling for the effect of facility in the Cox regression. Frailty option was used in the Cox regression to model facility as a random effect. The results were very similar and the effect of literacy remained unchanged (HR [95% CI]: 1.17 [1.04 to 1.29]; P ϭ 0.007). For Cox regression models there was no evidence of collinearity among covariates. All tests were two-tailed and a P value of Ͻ0.05 was considered statistically significant. All statistical analyses were performed with STATA 8.0 (StataCorp, College Station, TX) and R, version 2.6.0 (www.r-project.org).
